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the steel and the carbon is considerably more intimate when the latter is
used in the form of a fine powder than when it is used in granular form.
In the cementation reported in the last table the velocity of penetration of
the carbon is considerably lower than in the corresponding experiments of
the table reproduced on p. 135; this is an evident proof of the slight direct
action of the carbon (by contact) and of the preponderant action of carbon
monoxide as "vehicle" for the penetration of the carbon into the steel.
In fact, the velocity of the penetration of the carbon is greater the more
freely the carbon monoxide can circulate around the carbon and the steel,
with which it must react alternately, as I have before indicated. Further
confirmation of this is seen by a comparison of Experiments i and 3 of
the table above; this comparison shows, in fact, that the cementation is
considerably less deep when, keeping all the other conditions equal, the
porcelain tube acting as cementation chamber is arranged vertically instead
of horizontally. It is evident that while the vertical arrangement favors
the contact between the carbon powder and the surface of the steel cylinders,
it renders the circulation of the gases in the apparatus considerably more
difficult.1

These observations explain the results which are obtained in practice in
cementation effected with powdered mixtures of wood charcoal and barium
carbonate.

There still remained to be investigated one quite important point for
the technical application of the process, viz., concerning the limits of "space"
in which carbon monoxide can still efficiently exercise its characteristic
specific function as "vehicle" in the transportation of the carbon from
the solid cementing mass to the mass of steel. The importance of defining
practically these limits is evident to anyone familiar with the technique
of ordinary cementation carried out with solid cements, for he knows
how difficult it is to operate under such conditions as to be absolutely sure
that imperfect contact of the cement with any section of the surface of the
piece to be cemented will not ^eave dangerous gaps in the carburized zone.

For this investigation we used the following arrangement: Having
arranged our furnace vertically, we placed in the center of it, and along the
axis of the cementation chamber, a cylinder of the usual soft steel, 30 cm.
long and 10 mm. in diameter. Along a length of the cylinder were made file
marks, i cm. distant from each other, numbered progressively from i to 29,
starting from the lower end of the cylinder. Only the lower part of the
cylinder was immersed, for a length of 13 cm., in the usual mass of granular^
wood charcoal; the upper portion, on the contrary, remained entirely free.

While a slow current of carbon monoxide (about 2 liters per hour)
circulated through the apparatus, entering from the bottom, we raised the

1 This last fact is clearly observed when carrying on the experiment.